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"^Pfl^^tF "SlJ^i^^?r~~ - t^UFACTURE OF COPPER MICROALLOYS 

DESCRIPTION 
FIELD OF THE INVENTION 
The present invention relates to the manufacture of 
copper microalloys, particularly the casting copper by 
conventional batch casting, semi-continuous casting or 
continuous casting and of rolling tough-pitch copper or 
microalloyed copper. It provides the addition of lead or 
refining to a final concentration of lead equal to or 
higher than 200 ppm. This allows the casting of copper 
microalloyed with elements such as S, Se, As, Sb, Bi, Sn, 
5 Zn, Ni, Fe, Ag and Te in amounts of the order of tens of 

weight ppm. 

h This invention also relates to a pre-heating 

.jf treatment which has been discovered to be necessary to let 

:J some copper microalloys with a lead concentration equal to 

or higher than 200 ppm have the same strain strength, 
y annealing temperature, half -softening temperature and 

recrystallization temperature as those obtained for tough- 
;3 pitch copper, and an electrical conductivity equal to or 

higher than 101.5%IACS. 

BACKGROUND OF THE INVENTION 
Until recently, it was accepted that a lead content 
in melt copper higher than 15-20 weight ppm, and a high 
content of other impurities was undesirable due to 
reduction of the electrical conductivity and the formation 
of high number of defects and bubbles in a phenomena known 
as hot-shortness. This meant that only tough-pitch copper 
could be cast. Thus blister copper or copper scrap refined 
by pyrometallurgical methods, which gave a lead content 
lower than 15-20 weight ppm, and decreased sufficiently 
impurities to produce high electrical conductivity copper, 
was not technologically competitive compared to 
elect rolytically-refined copper . 



Despite all the related handicaps in the fire- 
refining process and in the products, some companies 
developed different slagging agents in order to achieve 
the purity of tough-pitch copper while avoiding the 
expensive process of electrolytical refining. 
Nevertheless, it was difficult to decrease lead content to 
values lower than 15-20 weight ppm by fire-refining. The 
fire-refined copper produced was a high quality product, 
with electrical, thermal and mechanical properties very 
similar to electrolytically-ref ined copper, but because of 
its high lead content, it was often impossible to cast or 
roll, or else the final product was brittle and 
susceptible to breakage due to the porosity in the metal. 

It is also known that a pre-heating treatment at 550- 
650°C for one hour or longer before high cold-working (80% 
or more) on microalloys with a lead content higher than 
15-20 ppm significantly decreases their annealing 
temperature, half -softening temperature and 

recrystallization temperature, and also increases the 
electrical conductivity. Some compositions of microalloyed 
copper, treated with this pre-heating process achieve 
similar mechanical, thermal and electrical properties to 
tough-pitch copper . 

OBJECT OF THE INVENTION 
To find a solution to the above mentioned 
drawbacks, the inventors have carried out investigations 
which have led to this invention, providing in a process 
for the discontinuous, semi-continuous or continuous 
casting of copper or microalloyed copper, the addition of 
lead or refining to a final concentration of lead equal to 
or higher than 200 weight ppm. Surprisingly enough, this 
allows the casting and rolling of microalloys with 
impurities such as S, Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag 
and Te in concentrations of the order of tens of weight 



ppm . 

The invention refers as well to an optional pre- 
heating treatment of 5-600s which, when applied to some 
copper microalloys with a lead content equal to or higher 
than 200 weight ppm, leads to a decrese in their strain 
strength, giving annealing temperatures, half -softening 
temperatures or recrystallization temperatures equal to or 
lower than 200°C to allow the obtention of mechanical, 
thermal and electric properties similar to ETP-CU. 

SUMMARY OF THE INVENTION 
This invention is based on the following: 

a) Lead concentrations higher than 200 weight ppm in 
copper and copper microalloys secure their castability by 
conventional casting (by batch, semi-continuous or 
continuous casting) and their rolling because of their low 
hot-shortness, and the number of breaks in the cast bar 
decreases. The improvement in the microstructure in terms 
of small number of voids and bubbles also ensures small 
number of breaks at lower values of tensile strength and 
elongation than the statistically established, 

b) Lead concentrations higher than 200 weight ppm 
secures the casting and rolling of copper microalloys 
containing microalloying elements such as S, Se, As, Sb, 
Bi, Sn, Zn, Ni, Fe, Ag and Te in the order of tens of 
weight ppm. 

c) A pre-heating treatment at 550-650°C for 5-600s on 
copper with impurity contents lower than 80 weight ppm of 
elements Sn, Zn, Ni, Ag, Cd, Sb, S and Fe that have been 
casted by the addition of lead or refining until a lead 
content in the solid product higher than 300 weight ppm 
decreases their half -softening temperature, annealing 
temperature and recrystallization temperature to values 
lower than 200°C. 
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DESCRIPTION OF THE DRAWINGS 
Fig. 1 depicts the variation in the Softening 
temperature with the pre-heating time at 586°C in sample 
1. 

DETAILED DESCRIPTION 

It is known that for a lead content in copper lower 
than 15-20 weight ppm and an oxygen content between 60-400 
weight ppm, casting and rolling problems caused by the 
high hot-shortness are not usual, and the final product 
has a low number of voids and bubbles. Impurities such as 
S, Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag and Te at less 
concentration than 5-10 weight ppm are also desirable in 
order to secure the casting and rolling of copper. 

In contrast, copper with more than 15-20 weight ppm 
of lead and/or other impurities such as S, Se, As, Sb, Bi, 
Sn, Zn, Ni, Fe, Ag and Te in contents in the order of tens 
of weight ppm has casting and rolling problems and its 
microstructure has high number of defects which are large 
enough to break the cast bar during casting. This is one 
of the reasons why most of the copper smelters and 
refiners have adopted the electrolytically-ref ining 
method. The formation of casting bubbles and defects can 
be attributed to the elimination of hydrogen. Hydrogen is 
formed in the reduction reaction, in which methane is 
burnt in the reduction furnace. As the lead content 
increases, the amount of solved hydrogen also increases, 
reaching the maximum content in hydrogen that in those 
conditions can be solved in copper when the lead content 
is between 15-20 and 200 weight ppm. When this copper 
microalloy is being cast, the excess solved hydrogen is 
eliminated by the formation of bubbles and voids that can 
break the casting bar. 

The experiences which have been carried out show 
surprising results because for a lead content in copper 
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higher than 200 weight ppm, the number of bubbles and 
voids formed during casting decreases markedly, allowing 
the casting and rolling of this copper. This may be 
because the atomic volume of lead is greater than that of 
copper, because the substitution of copper by lead in the 
crystal net creates interstices that can be occupied by 
hydrogen . 

Another surprising result is that a lead content in 
copper higher than 200 weight ppm secures or even improves 
the castability and rolling of copper microalloys with 
impurities such as S, Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag 
and Te when their contents are of the order of tens weight 
ppm, in comparison with the castability of copper with 
less than 15 ppm of lead. A comparison between the 
microstructure of casting bars with a lead content lower 
than 15-20 weight ppm and others with high amounts of 
microalloying elements and a lead content higher than 300 
weight ppm, shows a low number of bubbles and defects in 
the latter. 

However, because of the high lead content, copper 
microalloys obtained by this casting method have higher 
strain strengths, higher recrystallization temperatures, 
higher softening temperatures and higher annealing 
temperatures than those obtained from the copper or copper 
microalloys with equivalent composition but a lead content 
lower than 15-20 weight ppm. 

The invention, in order to improve the above 
mentioned aspect introduces an optional thermal treatment 
at 550-650^^C known as pre-heating. This treatment 
decreases the softening temperature, annealing temperature 
and recrystallization temperature in copper and copper 
microalloys when the lead content is higher than 15-20 
weight ppm. This phenomenon is related to the presence of 
hydrogen in copper and copper microalloys, because pre- 



heating decreases the hydrogen and oxygen content. The 
hydrogen content is around 0.5-0.7 weight ppm after 
casting by this method, and decreases until there is no 
detectable hydrogen after a complete pre-heating, when the 
softening temperature, annealing temperature and 
recrystallization temperature reach their minimum value, 
normally after long pre-heating times (2 hours or more) . 

Another surprising result of the invention is that 
some coppers, cast after securing a lead content higher 
than 300 weight ppm, have fast pre-heating kinetics, with 
a decrease in softening temperature, annealing temperature 
and recrystallization temperature by a maximum of 30°C in 
10 minutes and more specifically, achieving softening 
temperatures, annealing temperatures and recrystallization 
temperatures lower than or around 200^^0 after 5-600s of 
pre-heating. These coppers need a content lower than 80 
weight ppm of other elements such as Sn, Zn, Sb, Cd, Ni, 
Fe, Bi and S, but a high lead content, always higher than 
300 weight ppm and preferably higher than 350 weight ppm. 
Pre-heating removes hydrogen from the interstitial 
positions next to lead, forming water, which explains the 
decrease in oxygen content observed after pre-heating. A 
low content of microalloying elements which have a higher 
affinity for oxygen than copper, such as those described 
before, assists the formation of water, improving the pre- 
heating kinetics. 

The major advantages of this invention are as 
follows : 

i) A lead content higher than 200 weight ppm secures 
the casting and rolling of copper and copper 
microalloys, even with impurities in copper 
microalloys of tens of weight ppm of elements such as 
S, Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag and Te. 

ii) The optional pre-heating treatment proposed often 



increases the electrical conductivity of the 
described copper microalloys in comparison with the 
equivalent coppers of the same composition but with 
lead contents lower than 15-20 weight ppm. 

EXAMPLES 

Table 1 shows coppers and copper microalloys produced 
by semi-continuous casting in an industrial plant by the 
method proposed, starting from copper scrap that had been 
fire-refined. Copper microalloys with an Sb content of 20 
weight ppm or more and a S content between 3 and 12 weight 
ppm were cast and rolled with low hot-shortness. Table 2 
shows the softening temperatures (defined as the 
temperature at which the strain strength starts decreasing 
after of 80% cold-working) of the coppers and copper 
microalloys described in table 1. 

Sample 1 is a copper microalloy as described above 
which showed a rapid pre-heating. Fig. 1 shows that in 10s 
of pre-heating, the softening temperature decreased from 
192°C to 178°C, reaching 155°C after 600s. 

ADVANTAGES OF THE INVENTION 

As described above, the present invention provides a 
new method for casting and rolling copper and copper 
microalloys, even with microalloying elements such as S, 
Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag and Te in amounts in 
the order of tens of weight ppm, by batch, semi-continuous 
or continuous casting that reduces the residence time and 
energy costs of a fire-refining copper production plant, 
and gives a casting product with low hot-shortness which 
has low number of failures in service. Despite the small 
increase in the softening temperature, annealing 
temperature and recrystallization temperature, and the 
decrease in the electrical conductivity of the product 
produced by this method, compared with the equivalent 
copper or copper microalloy of the same composition but 



with a lead content lower than 15-20 weight ppm, the use 
of a fast and economical heat treatment, known as pre- 
heating, decreases the softening temperature, annealing 
temperature and recrystallization temperature of some 
copper compositions casted by the proposed method to 
values less than or around 200°C and leads to the 
electrical conductivity of tough-pitch copper or even 
higher 
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Although the vention has been explained based on the 
aforegoing description and examples it is obvious that the 
men of the art will find variations which will be included 
in the field covered by the invention provided that they 
do not depart from the enclosed claims. 
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CLAIMS 

What we claim is : 

1. A method for the manufacture of copper microalloys 
characterized by starting from a copper alloy containing 
impurities such as S, Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag 
and Te in amounts of the order of tens of weight ppm, 
comprising the addition of lead to a final concentration 
of 200 weight ppm or higher in the solid microalloy or of 
refining the copper microalloy to said concentration. 

2. The method according to claim 1, applied to batch 
casting, semi-continuous casting or continuous casting. 

3. The method according to claims 1 and 2, 
characterized by optionally comprising a pre-heating 
treatment at 550-650°C for 5-600 s that decreases the 
softening temperature, the annealing temperature and the 
recrystallization temperature to values of 200°C or lower, 
of copper microalloys with less than 80 weight ppm of the 
impurities Zn, Ag, Cd, Sb, Ni, Fe, Bi, Sn and S, produced 
by the casting method described in claims 1 and 2. 

4. A pre-heating treatment at 550-650°C for 5-600 s 
that, applied to the copper microalloy with contents lower 
than 80 weight ppm of the impurities Zn, Ag, Cd, Sb, Ni, 
Fe, Bi, Sn and S, produced by the casting method described 
in claims 1 and 2, increases the electrical conductivity 
to the values of the tough-pitch copper, which means 
101%IACS or more. 
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ABSTRACT 

The invention refers to batch casting, semi-continuous 
casting or continuous casting and rolling of copper, 
providing the addition of lead or refining the melt copper 
or the melt microalloyed copper to a lead content equal to 
or higher than 200 weight ppm. This minimizes the number 
of pores and defects, decreasing the number of incidences 
or breaks during casting and in service. However, it does 
not reduce the electrical conductivity. The addition of 
lead allows the cast and roll of copper microalloyed with 
elements such as S, Se, As, Sb, Bi, Sn, Zn, Ni, Fe, Ag and 
Te, in concentrations of the order of tens of weight ppm. 
The copper microalloys manufactured in this way have 
annealing temperatures and strain strengths higher than 
those obtained from the equivalent tough-pitch copper or 
the equivalent microalloyed copper with lead content lower 
than 15-20 weight ppm. 

This patent also includes a heat treatment a 550-650^C for 
5-600S that, when applied to some compositions of the 
microalloys resulting of the related casting method gives 
similar values of annealing temperature, half -softening 
temperature, recrystallization temperature and strain- 
strength as tough-pitch copper. In addition, electrical 
conductivity is increased to 101.5%IACS or even higher. 
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E. Wurst #22,183, Joseph 8. Larch #26.936, MeWn C, Gamer #26,272, Ethan Horwitz #27,646, Beveriy B. Goodwin #28,417, Adds C. Sogoris #29,714. Martin E. 
Goldstein #20,869, Bert J. lewen #19,407, Henry Sternberg #22,408, Robert A. Green #28,301. Peter C. Schechter #31,662, Robert Schaffer #31.194, David R. 
Francescani #25,158, Robert C. Sullivan, Jr. #30,489, Ira J. Levy #3S,5B7, Joseph R. Robinson #33,448 

all of the firm of DARBY & DARBY PX., 805 Third Avenue, New York, NY 10022 



SEND CORRESPONDENCE TO; 



DIRECT TELEPHONE CALLS TO: 



DARBY & DARBY P.C. 
805 Third Avenue 
New York, NY 10022 



PAUL FIELDS 



212-527-7700 



FULL NAME AND RESIDENCE OF INVENTOR 1 



LAST NAME: GUIXA 

ARDERIU 
BARCELONA 

POST OFFICE ADDRESS: 

Cardenal Reig, 13 



FIRST NAME: JOSe 

Oriol 

STATE OR FOREIGN COUNTRY:, 



MIDDLE NAME: 

COUNTRY OF CITIZENSHIP: 



•SPAIN SPAIN 

c'^^ BarcelonaS^A^^ 0" couNTRYgp^ w C0DE:QgQ28 



FULL NAME AND RESIDENCE OF INVENTOR 2 

LAST NAME: GARCIA fIRST NAME: Miquel MIDDLE NAME: 

ZAMORA Z- 

ciH: MoiA (BarcelonSy^ SPAIN country of citizenship: 3p/^jjs^ 

Mm" ^ 

POST office ADDRESS: CITY: Barcelonl'^*^^ COUNTRY: SPAIN 08180 

Tramuntana, 14 



FULL NAME AND RESIDENCE OF INVENTOR 3 



MIDDLE NAME: 



LAST NAME: ESPIELL FIRST NAME: Ferran 

ALVAREZ 

BARCELONA ^^^^^ foreign country: ^pf^j^ country of citizenship: 



POST OFFICE ADDRESS: 

Gran Via Carles III, 50 



SPAIN 

CiTY:Barcelona state or country: sp^xN 08028 



FULL NAVE AND RESIDENCE OF INVENTOR 4 

LAST NAME FERNANDEZ FIRST NAME i^liquel MIDDLE NAME 

LOPEZ Angel 

CITY BARCELONA state or foreign countr^PAIN country of citizenship SPAIN 

POST OFFICE ADDRESS CITY BarCelOfia STATE OR COUNTRY SpaiP ZIP CODE 08004 

Poeta Cabanyes, 93 



FULL NAME AND RESIDENCE OF INVENTOR 5 

LAST NAME ESPARDUCER FIRST NAME Araceli middle name 

BROCO 

CITY Sant Pere de state or foreign country SPAIN country of citizenship SPAIN 
Ribes (Barcelona_^ 

POST office ADDRESS CITY Sgnt PSVe CIB ST ATE OR COL7sTRY3 p g j_ p ZIP CODE QQSIO 

Doctor Maranon, 32 Ribes (Barcelona) 



FULL NAME AND RESIDENCE OF INVENTOR 6 

LAST NAME SEGARRA FIRST NAME MeTCB MIDDLE NAME 

RUBIK 

CITY BARCELONA state or foreign country SPAIN COUNTRY OF CITIZENSHIP SPAIN 

POST OFFICE ADDRESS CITY BarCelOHa STATE OR COUNTRY Spaifl ZIP CODE 08014 

Alzinelles, 112 



full NAME AND RESIDENCE OF INVENTOR 7 

LAST NAME CRIMEN OS FIRST NAME JoSBp Ma MIDDLE NAME 

RIBERA 

CITY BARCELONA state or foreign country SPAIN COUNTRY OF CITIZENSHIP SPAIN 



POST OFFICE ADDRESS CITY BarCSlOna STATE OR COUNTRY 5paip| ZIP CODE Q3028 

Aristides Maillol, 11 



I further declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful falsa statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 00 1 of Title 
18 of the United States Code, and that such willful false statements may jeopardize the validity of the application or 
any patent issuing thereon. 



SIGNATURE OF INVENTOR 1: 



SIGNATURE OF INVENTOR 2: 




DATED: \g . 0\ . D O 
DATED: ^7' A ^ 



21 - 01- DO 



SIGNATURE OF INVENTOR 3: 




SIGNATURE OF INVENTGFT'C:" 



DATED: 



DATED 



SIGNATURE OF INVENTOR 



SIGNATURE OF INVENTOR 6: 



BATED 



DATED 



SIGNATURE OF INVENTOR 7: 




